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An outbreak of severe acute respiratory syndrome 
(SARS) was for the first time described in the Guang¬ 
dong province (China); then, this disease expanded to 
some other countries [1], As early as in April 2003, 
close cooperation of researchers from many laborato¬ 
ries worldwide enabled the WHO to announce that the 
etiological agent of the disease was a new pathogen, 
SARS-coronavirus (SARS-CoV). Although SARS- 
CoV belongs to the family of coronaviruses, it is related 
to none of the strains of the family described so far [2]. 

A purified preparation of the recombinant nucleo¬ 
capsid protein of the SARS-CoV strain Frankfurt was 
for the first time obtained in this work. The yield of the 
protein was 80 mg per liter of culture. This protein can 
be used as an antigen for detecting antibodies to SARS- 
CoV. In addition, recombinant protein can be used in 
further structural and functional studies of SARS virus 
and construction of molecular model for screening anti- 
SARS drugs. 

According to the literature, the size of the SARS 
pathogen genome ranges from 29.797 to 29.751 bp [3, 
4], Analysis of complete genomes of coronaviruses 
failed to reveal the genome closest to SARS-CoV. The 
greatest degree of homology was found between 
SARS-CoV and type 2 bovine coronavirus [3-5]. 

The functions of viral proteins should be studied to 
provide a deeper insight into the mechanisms of SARS 
infection itself, improve diagnostic tests, and rapidly 
develop specific methods of treatment and prophylaxis 
of this disease. Therefore, cloning, expression, and elu¬ 
cidation of the properties of the main structural proteins 
of the SARS virus are particularly important problems 
[ 6 - 8 ], 

Open-frame analysis of SARS genome translation 
based on comparison with structures of other coronavi¬ 
ruses described in the literature showed that several 
proteins encoded by the viral genome may play an 
important role associated with SARS pathology. These 
are replicases la and lc, spike protein (S), matrix pro¬ 
tein M, nucleocapsid protein N, and envelope protein E 

[9]. 


State Research Center for Virology and Biotechnology 
Vektor, pos. Kol’tsovo, Novosibirsk oblast. 630559 Russia 


According to the published data, the nucleocapsid 
protein N, an important structural protein, can be used 
as an antigen for detecting antibodies to coronaviruses 
[ 10 , 11 ], 

Although the extent of homology of the amino acid 
sequence of the SARS-CoV nucleocapsid protein N 
with other coronaviruses is 22-30%, a short sequence 
enriched with lysine residues (KTFPPTEPKKD- 
KKKKTDEAQ) is unique to the SARS virus [9]. Prob- 
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Fig. 1 . Production of protein N of virus SARS in E. coli 
cells. Designation of lanes: (J) E. coli cells before induc¬ 
tion, (2) E. coli cells after induction, (5) protein N after puri¬ 
fication on Ni-NTA agarose; (4) molecular-weight markers. 
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ably, nucleocapsid protein N is located in the nucleus 
and plays a key role in the SARS pathogenesis. In addi¬ 
tion, nucleocapsid protein N is thought to be involved 
in RNA binding [9]. 

The SARS-CoV strain Frankfurt, used in this work, 
was kindly provided to the State Research Center for 
Virology and Biotechnology Vektor by Dr. H.W. Doerr 
(Frankfurt Institute of Medical Virology, Germany). 
The virus was obtained using the cell culture Vero, as 
described in [12]. 

Blood sera of patients with SARS, whose diagnosis 
was confirmed by laboratory analysis, were presented 
through the courtesy of Dr. FI.W. Doerr (Frankfurt 
Institute of Medical Virology, Germany), Dr. W. Bellini 
(CDC, Atlanta, United States), and Dr. Wuchun Cao 
(Institute of Microbiology and Epidemiology, Beijing, 
People’s Republic of China). Fluman blood serum con¬ 
taining no antibodies to coronavirus, presented by Dr. 
Wuchun Cao (Institute of Microbiology and Epidemi¬ 
ology, Beijing, People’s Republic of China), was used 
as a negative control. 

The E. coli strain BL21 (DE3), containing the RNA 
polymerase gene of phage T7, and E. coli strain XL-1 
blue, used in this study, were from Promega (the United 


States); restriction endonucleases, DNA ligase, Tte- 
polymerase, and desoxyribonucleotide phosphates 
were from Sibenzyme (Novosibirsk, Russia). Total 
DNA preparation was isolated and reverse transcription 
reaction was carried out using an RNeasy Mini kit 
(QIAGEN, Germany). Recombinant protein was puri¬ 
fied on Ni-NTA agarose in accordance with the recom¬ 
mendations of the manufacturer (QIAGEN, Germany). 

Additional nucleotides encoding the histidine tag 
were inserted in the upper primer of the expression 
plasmid pGSDI [13] during cloning of the protein N to 
provide gene amplification. The presence of this tag 
allows the recombinant protein to be purified by affinity 
chromatography on Ni-NTA agarose. 

In addition, for the sake of convenience of manipu¬ 
lation using genetic engineering, additional sites of rec¬ 
ognition of restriction endonucleases Bg/II and Sail 
were inserted in the primers used in the polymerase 
chain reaction. 

The gene encoding the nucleocapsid protein N of 
SARS virus (length, 1327 bp) was obtained in the poly¬ 
merase chain reaction using synthetic oligonucleotides 
of the following composition: 


upper (Nl) 

BamFII Start + Flis6-tag Bglll 

5'-CCC GGATCC ATGGCTAGCCATCACCATCACCATCAC AGATCT 
ATGTCTGATAATGGACCCCAAT-3'; 
lower (N2) 

Sail 

5'-CCC GTCGAC TGAGTGTTTATGCCTGAGTTGAA-3'. 


The product of polymerase chain reaction was 
treated with the restriction endonucleases BamH I and 
Sail and ligated using the pGSD plasmid [13] pre¬ 
treated with the restriction endonucleases Bglll and 
Sail. E. coli strain XL-1 blue was transformed with a 
mixture of ligases. 

Recombinant clones containing the target plasmid 
were selected by the method of polymerase chain reac¬ 
tion using the specific primers Nl and N2. The selected 
clones were tested by restriction analysis. As a result, 
the recombinant plasmid pFIis-N was obtained. This 
plasmid contained the gene of the nucleocapsid protein 
N of the SARS virus strain Frankfurt. The pFIis-N plas¬ 
mid was used to transform the E. coli strain BL21 
(DE3). Protein synthesis was induced by incubation 
with isopropyl-[3-D-thiogalactopyranosidc (final con¬ 
centration, 1 mM) for 5 h. 

Harvested cells were concentrated by centrifugation 
and sonicated using an ultrasonic disintegrator, and soluble 
fraction was purified on Ni-NTA agarose. Proteins were 
then electrophorezed under denaturing conditions [14]. 


The molecular weight of the protein synthesized in 
E. coli cells (46 kD) coincided with the expected value 
(Fig. 1). The amount of recombinant protein, measured 
by densitometry of gel bands, was no less than 15% of 
total cell protein. The yield of the target protein was 
80 mg per liter of culture. 

At the next stage of this work, we studied the inter¬ 
action of the recombinant protein with serum by the 
method of enzyme-linked immunosorbent assay [15] 
using conjugated goat anti-human IgG(FI + L) F1RP 
(ICN Biomedicals). 

The results are shown in Fig. 2. It follows from 
Fig. 2 that the recombinant protein interacted with 
blood serum of patients with confirmed diagnosis of 
SARS (days 18,21, and 35 of disease) and did not inter¬ 
act with negative serum. 

Thus, in this work we obtained a purified prepara¬ 
tion of the recombinant nucleocapsid protein of the 
SARS-CoV strain Frankfurt. The yield of the target 
protein was 80 mg per liter of culture. This protein can 
be used as an antigen for detecting antibodies to SARS- 
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Fig. 2. Interaction of the recombinant protein with serum in 
the enzyme-linked immunosorbent assay (protein content, 

1 pig per well): (I) serum of patient on day 35 of the disease 
(Beijing, People’s Republic of China, Dr. Wuchun Cao); 

(2) serum of patient on day 21 of the disease (CDC, United 
States, Dr. Bellini); (3) serum of patient on day 18 of the 
disease (Frankfurt, Germany, Dr. W.H. Doerr); ( 4 ) negative 
serum (Beijing, People’s Republic of China, Dr. Wuchun 
Cao). 

CoV. In addition, the recombinant protein can be used 
in further structural and functional studies of SARS 
virus and construction of a molecular model for screen¬ 
ing anti-SARS drugs. 
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